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ABSTRACT 


Wi 
This study evaluates the proposed Spares Allocation Model for determinina 


shipboard supply requirements for supporting the AEGIS Weapon System. Included 
in this evaluation were: (1) a detailed comparison of the proposed model 

with several alternative models; (2) a sensitivity analysis of two data ele- 
ments required by the proposed model; (3) an examination of theoretical 
differences between the proposed model and a conceptually similar model (Black 
& Proschan); and (4) an examination of the ADP (Automatic Data Processing) 
requirements for the proposed model. Model comparisons were made in terms of 
range of items stocked, investment, effectiveness, and range movement. His- 
torical usage data were used in measuring effectiveness. The study indicated 
the proposed Spares Allocation Model and the Black & Proschan Model would 

give significant improvement in support over the other alternatives. However, 
these two models produced siqnificantly larger ranges than the alternatives 
and, at high system protection levels, required siqnificantly higher invest- 


ment. Both models require large computer core storage capacity which Limits 


efficient model execution to only the largest computer systems. .. 
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EXECUTIVE SUMMARY 


15 Background: To determine the supply requirements necessary to attain the 
stringent readiness levels imposed on the AEGIS Weapon System, a model referred 
to as SPRSAL (Spares Allocation) was proposed by RCA (Radio Corporation of 
America), prime contractor for the AEGIS Weapon System. An evaluation of the 
proposed model, from a purely theoretical standpoint, was accomplished by a 
private contractor. The contractor's findings showed the model to be a concep- 
tually valid approach to determining shipboard allowances. However, certain 
modifications to the model were recommended. FMSO (Navy Fleet Material Support 
Office) efforts in evaluating the proposed model were of a more quantitative 
nature. Previous FMSO findings indicated the potential of both SPRSAL and 

a conceptually similar alternative based on a Black & Proschan approach for 
significant improvements in performance over the current FLSIP (Fleet Logistics 
Support Impcovement Program) Model. This study provides more detailed compari- 
sons of the SPRSAL Model and alternative models. 

2. Objectives: The objectives of this study are (1) to perform a detailed 
comparison of the SPRSAL and five alternative models, (2) to determine the sensi- 
tivity of two important SPRSAL data elements, (3) to determine the theoretical 
differences between SPRSAL and the Black & Proschan Model, and (4) to examine 
the ADP CAutomatic Data Processing) requirements of SPRSAL and the Black & 
Proschan Model. 

3. Findings: Using the SPRSAL Model and five alternative Navy models, allowances 
were determined for each of two systems - the Mark 86 Gunfire Control System, 


which is part of the AEGIS Combat System, and the Tartar Missile System. The 


performance of each model was measured in terms of range of items, investment, 


range effectiveness, units effectiveness, and range movement. Historical 
usage data for the sample weapons systems as installed in existing ships were 
used in measuring effectiveness and range movement. The SPRSAL Model, with 

a 90% system protection goal, increased range and units effectiveness about 
30-50 percentage points over FLSIP; however, range and dollar value were also 
about 34-5 times that of FLSIP. For the same investment, the SPRSAL and Black 


& Proschan Models produced very similar ranges and effectiveness. When con- 


strained to the FLSIP dollar value, SPRSAL and Black & Proschan still increased 


range and units effectiveness at least 20% over FLSIP, while the range of items 


carried was over 34 times that of FLSIP. 

The sensitivity of two SPRSAL data elements, the "K MIN' factor and the 
Operating Time factor, was determined. The "K MIN' factor, an indicator of 
item redundancy, represents the minimum number of failures of an item 


necessary to cause system failure. The Operating Time factor represents the 


percentage of the mission time during which the item is operational. Sensitivity 


measurements were made in terms of range and depth (investment). The study 
showed the SPRSAL Model to be extremely sensitive, in both range and depth, 
to the "K MIN" factor. Running the SPRSAL Model with a 90% system protection 
goal and assuming all items had a ''K MIN" value of two reduced SPRSAL range 
over 33% and reduced SPRSAL dollar value over 75%. If the AEGIS system has a 
high level of redundancy and "K MIN" values are properly assigned, the SPRSAL 
costs could be significantly lower than indicated in the model comparisons. 


The SPRSAL Model was less sensitive to changes in the Operating Time factor. 


Reducing this factor from 100% to 50% decreased range less than 3% and decreased 


dollar value about 20%. 


ii 


The SPRSAL and the Black & Proschan Models were examined to determine theoret- 

ical differences between the two models. The major difference identified be- 
tween the two models is in the method«of performance measurement, specifically 
with regard to repair and resupply assumptions. In measuring performance, SPRSAL 
assumes instantaneous repair when the spare parts are available but does not 
consider replenishment during the support period. The Black & Proschan Model 
considers the average repair time and the average delay time to get parts not 
available on board the ship. In addition, item redundancy and the Operating 
Time factor are considered in the SPRSAL Model but not in the Black & Proschan. 
The two models also differ with respect to the distributions used to compute 

item failure probabilities. 

Finally, the specific ADP requirements of SPRSAL and the Black & Proschan 
Models were identified. The inherent size of computer core required to 
execute either of these marginal analysis models is of concern. The need to 
have a large volume of data readily available for comparative purposes will 
Limit efficient application of either of these models to the largest hardware 
suites. Relatively small weapons systems, i.e., less than 5,000 repair parts, 
may be processed on medium size computers (e.g. IBM 360/65) but to process 
larger weapons systems on this size hardware will require segmentation of some 
sort. Techniques do exist for adapting the optimization models to smaller 
computers; however, the use of these techniques makes model execution less 


efficient. 


I. INTRODUCTION 


The AEGIS Weapon System being developed by RCA (Radio Corporation of America) 


is designed to achieve high system readiness levels. As stipulated in the 


AEGIS weapon specification, the ship's storeroom stocks are to be sufficient to 
provide spares for 98% of all failures during the patrol without underway 
replenishment. To determine the supply requirements to attain these stringent 
P readiness levels, RCA devised a model known as SPRSAL (Spares Allocation). By 
reference 1 of APPENDIX A, NAVSEA (Naval Sea Systems Command) requested 


operations analysis support for the AEGIS Project Office in the form of a 


technical review of the proposed requirements determination method. A plan for é 
| providing support was established by reference 2 of APPENDIX A. The initial } 4 
effort, involving a theoretical analysis of the proposed procedure, was 4 
| accomplished by a private contractor, MSA (Management Science Associates), | 


of Los Altos, California. In general, MSA found the SPRSAL Model to be con- } 


ceptually valid but with some error in the probability models chosen to describe 


ee 


system failures. Given the necessary corrections, it was felt that SPRSAL 


would provide an approach worthy of consideration for shipboard allowance 


determination. The detailed results of the MSA analysis were documented in 
reference 3 of APPENDIX A. 

By reference 4 of APPENDIX A, NAVSUP (Naval Supply Systems Command) defined | 
the initial FMSO (Navy Fleet Material Support Office) efforts for evaluating | 
the proposed procedure. These efforts involved a quantitative comparison 
of allowances determined under the proposed procedure and under current Navy 


| 
| 
procedures. Allowances were determined for each of five systems Cincluding | 


two from the AEGIS Combat System) using the SPRSAL Model and several models | 


currently used in the Navy. Model performance comparisons were made in terms 
of range of items selected for stockaqe, the dollar value of the allowances 
for the selected items, and effectiveness in meeting observed shipboard usage 
requirements. In general, that analysis demonstrated the potential of both the 
SPRSAL Model and a Navy model based on a Black & Proschan approach for greater 
improvements in effectiveness than the other Navy models could attain. However, 
the improvements were achieved through greatly increased range and/or investment. 
The detailed findings of that analysis were documented in reference 5 of 
APPENDIX A. 

Upon completion of the above study, NAVSUP defined more detailed FMSO 
efforts. FMSO tasking was provided by reference 6 of APPENDIX A. Included 
in this tasking were: 


- A more detailed (line item level) comparison of the SPRSAL Model 
and several alternative models; two models that were not considered 


in the initial FMSO effort were included. 


- An analysis of the sensitivity of both range and depth to two data 
elements required by the SPRSAL Model: (1) the "K MIN' factor, which 
represents the minimum number of failures of an item necessary to 
cause system failure; and (2) the Operating Time factor, which 
represents the percentage of the mission time during which the item 


is operational. 


- An investigation of the theoretical differences between the SPRSAL 
Model and the Navy Black & Proschan Model. 


. An examination of the ADP (Automatic Data Processing) requirements 
of the SPRSAL and the Black & Proschan Models 


The remainder of this report is devoted to detailed descriptions of the 
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approaches and findings for each of the aforementioned tasks. As this study was 
actually four individual tasks, discussions of the approaches and findings 

for each task will be presented separately below. Section II addresses the 

model comparisons, Section III the SPRSAL "K MIN" and Operating Time sensitivity, 
Section IV the theoretical differences between the SPRSAL and the Black & 
Proschan Models, and Section V the examination of the ADP requirements of the 


SPRSAL and the Black & Proschan Models. 
II. MODEL COMPARISONS 


A. APPROACH. Six models were considered in the analysis: the SPRSAL Model, 
the Black & Proschan Model, the TRIDENT Model, the FLSIP (Fleet Logistics 
Support Improvement Program) Model, a cost sensitive FLSIP Model, and the FRM 
(Fleet Balliistic Missile) Weapon System Allowance Model. These models are 
described in APPENDIX 6. The Black & Proschan Model considered in this study 
is in reality the original Black and Proschan method (reference 7 of APPENDIX A) 
but modified for Navy application by NAVSECMECHDIV (Naval Ship Engineering 
Center, Mechanicsburg Division). The modification is described in APPENDIX C 
for convenience of the reader. The key feature of the SPRSAL and the Black & 
Proschan Models is their use of system optimization techniques to obtain 
either the best overall system performance for a given investment or a given 
performance level for the least investment. In contrast, the other four models 
consider each item in a system independently with no attempt to optimize 
system performance or cost. 

In this analysis, the SPRSAL Model was run with a system protection goal 
of 90% and with a cost goal equal to the FLSIP investment. The Black & Proschan 


Model was run with two cost goals, one equal to the investment of the 90% system 


protection SPRSAL and one equal to the FLSIP investment. Both the TRIDENT Model 
and the FBM Model, which provide variable protection by item based on the FBM 
MEC (Military Essentiality Code) and unit price, were run twice - once under 
the assumption that all items have a MEC of 95 and once while assuming all 
jtems have a MEC of 104. Actual FBM MEC assignments were not available for 
the systems used to evaluate these models. 

To use the SPRSAL Model as designed, the following assumptions were necessary. 
First, the "K MIN" factor, which represents the minimum number of failures of 
an item necessary to cause system failure, was assumed to be one for each can- 
didate item. Second, it was assumed that each candidate item would operate 
continuously during a 90 day mission. Third, it was assumed that the failure 
rate required by the model could be estimated by translating the annual usage 
rate (Best Replacement Factor) for each candidate item into an hourly rate. 
ALL SPRSAL Mode! runs used in this analysis were made by RCA at Moorestown, 
New Jersey, using allowance candidate files provided by FMSO. 

Two systems were used in performing the model comparison analysis - 
the Mark 86 Gunfire Control System on CGN 36 (USS CALIFORNIA) and the Tartar 
Missile System on DDG 23 (USS RICHARD E. BYRD). Both systems were used 
jin the initial FMSO efforts described in reference 5 of APPENDIX A. The Mark 86 
was selected for the analysis because it is planned to be part of the AEGIS 
Combat System. The Tartar System was selected to determine the effect of the 
SPRSAL Model on a larger system. Allowance candidates for each of these 
systems were obtained from the SPCC (Navy Ships Parts Control Center) Weapons 


System File based on the item maintenance code and the organizational mainte- 


nance level of the ship in which the system was installed. For the Mark 86 


ae 


there were 2,534 candidate items; for the Tartar there were 12,309. 


The effectiveness measurements made in this analysis were obtained by com~ 
paring the allowances determined by the various models with observed shipboard 
usage data obtained from the 3M (Navy Maintenance and Material Management) 
System. Ten quarters of usage data were obtained for each weapon system. 

The total number of items and the number of candidate items which experienced 
usage during that period are shown below. Only the demands for candidate items 
were considered in the performance measurements made in this study. The 


remaining items were not considered since the items were not candidates for 


TOTAL NR ITEMS DEMANDED | NR CANDIDATE ITEMS 
IN 10 QTRS DEMANDED IN 10 QTRS 


stockage. 


SYSTEM 


Mark 86 


Tartar 


The performance of each model was measured in terms of range, dollar value, 
range effectiveness, units effectiveness, and range movement. Range is the 
number of allowance candidate items selected for stockage. The dollar value 
is the total cost of the allowances determined for the selected items. Range 
effectiveness, the number of candidate items demanded and selected for 
stockage divided by the total number of candidate items demanded, was computed 
to measure range selection capabjlities of each model. Units effectiveness, 
the number of units of candidate items satisfied divided by the number of 
units of candidate items demanded, was computed as a measure of depth deter- 
mination performance for each model. Both the range effectiveness and the units 


effectiveness were computed quarterly for each system. These quarterly 


values were then averaged for the purpose of model performance comparisons. 


In addition, an overall range effectiveness was computed to measure the range 


Support of each model over time. This value was determined by dividing the 


total number of stocked candidate items demanded over the 10 quarter period by 


the total number of candidate items demanded over the same time period. Finally, 


range movement was computed as the ratio of the number of stocked candidate 


items that were demanded during the 10 quarter period to the number of items 
in the range. This value indicates the percent of the range which experienced 


some usage (movement) over the 10 quarter time period covered by the usage 


data obtained for this analysis. 
To provide insight into the characteristics of the items that were stocked 


by each of the models, frequency distributions of the number of items stocked 


within various intervals of annual demand and unit price were prepared. 
Finally, to provide more detailed item comparisons of the models, Listings of 
the allowance candidate items were prepared tor each of the two systems showing 


the allowance quantity determined by each of the models considered in the 


analysis. 
B. FINDINGS, 

1. Range, Doltar Value, and Effectiveness Comparisons. The model comparisons 
discussed below are based on six statistics - range, dollar value, overall range 


effectiveness, average quarterly range effectiveness, average quarterly units 


effectiveness, and range movement. As stated earlier, the effectiveness 


statistics presented herein reflect only demands for allowance candidate items. 
The model comparisons for the Mark 86 Gunfire Control System are shown 


in TABLE I. Because of differences in the method of performance measurement 


in the SPRSAL and the Black & Proschan Models, a meaningful comparison of the 


TABLE I 


MARK 86 GUNFIRE CONTROL SYSTEM 


C.S. FLSIP 249K : 52% 35% 4% 
TRIDENT (CMEC 95) 311K 45% 40% 5% 
FBM W.S.(MEC 95) 231K : 43% 32% 9% 


ow RANGE EFF | RANGE EFF] UNITS EFF RANGE 
MODEL = «6©$ VALUE | COVERALL) | (AVG QTR) | CAVG QTR) | MOVEMENT 
ALIA Wei es Sh teh! (Gao ame Veet Mod © bdo | 
| B&P(SPRSAL .90 $) 1,381K 99% 87% a 
| SPRSAL (.90) 1, 364K 99% 86% 3% 
B&P(FLSIP $) 382K 75% 66% 3% 
SPRSAL(FLSIP $) 367K 71% 60% a 
TRIDENT (MEC 104) 346K 59% 51% 5x 
FAM W.S.(MEC 104) 170K 55% 52% 4% | 
FLSIP 367K 51% 35% ™% | 
| 
| 
| 
ab 


two models for the same system performance level could not be obtained. Con- 


sequently, the SPRSAL Model was first run with a system protection goal of 90% 
(.90). The resultant dollar value of the allowances determined by this run 
was then used as a cost target for the Black & Proschan Model. As shown in 
the first two Lines of TABLE I, SPRSAL and Black & Proschan performed almost 


identically under these circumstances. The slight (1%) difference in dollar 


value is due to the fact that the last item selected by the Black & Proschan 
Model was a second unit of an electron tube valued at $25,420 which caused the 


| 
dollar value to exceed the target ($1,364K). The range effectiveness and units 


considered in the analysis. However, these runs also produced the largest 


effectiveness achieved by these two runs were the highest of any of the models 
ranges (about 340% larger than FLSIP) and the highest costs (over 270% 


| miami TR ern 


higher than FLSIP). When constrained by the FLSIP dollar value (lines 3 and 4 
of TABLE I), the performance of these two models fell considerably, with overall 
range effectiveness falling 26-27 points and units effectiveness falling 21-26 
points. However, both models still performed significantly better than FLSIP 
(26-27 points higher overall range effectiveness and 25-31 points higher units 
effectiveness). Again the ranges were very large relative to FLSIP. 

Of the other models considered, the TRIDENT COSAL (Coordinated Shipboard | 
Allowance List) Model with constant MEC of 104 (line 5 of TABLE I) provided 
the best performance with a slightly lower cost than FLSIP. The FBM Weapon 
System Model with constant MEC of 104 (line 6 of TABLE I) achieved the lowest 
cost of all of the models considered, yet still achieved five points higher 
overall range effectiveness and 17 points higher units effectiveness than 
FLSIP. However, none of the item protection models performed as well as the 
system protection models. 

TABLE I also indicates a range movement trend consisting of increases in 
range movement as the range decreases. Thus, the item protection models, which 
produce the smaller ranges, obtained slightly higher range movement figures. 
However, none of the models had over 10% range movement. 

Similar model comparisons for the Tartar Missile System are shown in TABLE II. 
The current version of the Black & Proschan Model has a processing Limitation 
of 2,600 allowance candidate items. Since the number of candidate items 


comprising the Tartar System exceeds this Limit, the model could not be run on 


this system and, consequently, will not be included in the discussion of the 
findings for this system. 


TABLE II shows that the SPRSAL Model with a system protection goal of 90% 


(.90) provided the highest range effectiveness and units effectiveness but also | 


produced the largest range and by far the highest cost (421% higher than FLSIP). 
When constrained by the cost of FLSIP (line 2 of TABLE II), the SPRSAL Model 
still produced a very large range, but overall range effectiveness dropped 
seven points and units effectiveness dropped 11 points from the .90 SPRSAL. 
Relative to FLSIP, the performance of the cost constrained SPRSAL was still 
markedly better - 26 points higher overall range effectiveness and 20 points 


higher units effectiveness. Again, however, the range was much Larger than 


FLSIP. 
TABLE II 
TARTAR MISSILE SYSTEM 

| RANGE EFF |RANGE EFF | UNITS EFF RANGE | 
| MODEL RANGE |$ VALUE |(OVERALL) | (AVG QTR) | ave QTR) MOVEMENT 
Seca aeons aoemel Fa ~— ~ 
| SPRSAL (.90) 11,735 | 2,187k ax 
| SPRSAL(FLSIP $) 9,821 | 420k 4% 

FOM W.S.(MEC 104) | 6,719 | 488K 6% 
| tripentimec 104) | 5,641 | 541k % | 

C.S. FLSIP | 4,834 | 374K 2% 

TRIDENT (MFC 95) 4,119 | 401K 8% 


FLSIP 
FBM W.S.(MEC 95) 


2,749 
1,905 


420K 
274K 


The FBM Weapon System Model with a constant MEC of 104 (line 3 of TABLE ITI) 


attained lower cange effectiveness than both SPRSAL runs; however, it did 

attain a units effectiveness that was 10 points higher than the cost constrained 
SPRSAL and only one point lower than the very costly .90 SPRSAL. The range 
movement statistics indicate a maximum value of 12% and exhibit the same trend 


that was observed for the Mark 86 System. 


As specified earlier, the AEGIS weapon specifications require that storeroom 
stocks be sufficient to provide spares for 98% of all failures during the patrol. 
This goal was interpreted by RCA to mean that lack of storeroom stocks should 
not preclude satisfactory system operation for an average 98% of the patrol. 

The SPRSAL Model with a 98% system protection goal was specifically designed 
to meet this requirement. Previous tests by RCA at the 98% level reportedly 
produced relatively large investment levels. Therefore, the maximum system 
protection level addressed in this report is 90%. System protection was not 
measured for the other models tested in this study; however, previous RCA tests 
showed that the system protection resulting from the FLSIP Model was less than 
10%. + Furthermore, assuming that there is some correlation between range/unit 
effectiveness and system protection, TABLEs I and II show that FLSIP will not 
approach SPRSAL performance at the 90% system protection level. It is noted 
that the AEGIS patrol period will normally be 45 days, while all tests in 

this study were based on a 90 day patrol. The difference in patrol periods 
would change the absolute values, but relative comparisons are considered 
valid. 

2. Item Comparisons. Unit price and expected annual demand (based on BRF 
(Best Replacement Factor) and total installed population) distributions for 
both the items comprising the allowance candidate file and the items subsequently 
selected for stockage by each of the models are provided in TABLE III for the 
Mark 86 Gunfire Control System. With the exception of the FBM Weapon System 
Model with constant MEC of 95, there was generally Little difference in the 
number of items selected by any of the models when expected annual demand was 


greater than .25 and unit price was less than $10,000. Furthermore, most of 


ers 
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LL 


TABLE III 


CANDIDATE FILE ANDO MODEL RANGE DISTRIBUTIONS (MARK 86) 


CANDIDATE EXPECTED | See UNIT PRICE 
FILE/ ANNUAL 0.01- 00.07-  B1,000.07- 
MODEL DEMAND $100.00 }$1,000.00 }$10,000.00 {> $10,000.00 | 


< .2500 206 7 | 

CANDIDATE . 2501-1. 0000 152 ? | 
FILE 1.0001-4.0000 2 2 
> 4.0000 0 

< .2500 | 1% { 
= 2501-1. 0000 144 ? 

SPRSAL ¢.90) | 4 Q001-4..0000 81 xu 
0 ) 


>» 4.0000 44 , 8 


s .2500 2 | 
ages | .2501-1.0000 163 | as su)3 
(SPRSAL .90 $)| 1.0001-4.0000 | 81 8 ; 2 

» 4.0000 44 8 0 ‘..-4 


| 
bi 


_ 


BEP* < .2800 0 | 

(FLSIP $) | .2501~1..0000 143 rv oo 

; ' 1.0001-4. 0000 81 8 2 
{ > 4.0000 dh a 0 
! s «2500 0 
SPRSAL | ,2501-1.0000 hb 0 

| (FLSIP $) 2 
0 

a 

< £2500 439 125 0 | 

| FAM W.S. ' 2501-1. 0000 152 49 0 

' (MEC 104)* 1.0001-4,0000 82 9 2 j 

> 4.0000 0 0 

- ST [ac ae a a Pa A — 

| < .2500 23 0 
. TRIDENT . 2501-1. 0000 152 49 19 4 
CMEC 104) 4.0001-4. 0000 82 9 3 2 
| "4.0000 46 8 Loe ae eo 0 

a — 

< .2500 } “' 

, «2501-1. 0000 152 49 9 | x 
C.S. FLSTP 1.0001-4, 0000 82 9 1 3 2 
> 4.0000 0 0 


< 2500 205 60 5 0 

TRIDENT . 2501-1. 0000 152 49 9 er 
(MEC 95) 1.0001-4. 0000 82 9 | 1 3 2 
> 4.0000 44 e4 0 0 0 

leptin Uiakitonie ceo 
< «2500 18 Q 
.2501-1.0000 20 

reer?  4.0001-4.0000 3 2 
> 4.0000 0 0 
'  « .2500 0 } 0 
| FAM W.S. -2501-1.0000 | 102 12 { 4 
(MEC 95)* '1,0001-4. 0000 82 3 2 
| 0 0 


> 4.0000 44 


*Override requirements not considered, 


1 
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the allowance candidate items in these intervals were selected for stockage 
by each of the other models. 

The SPRSAL (.90) Model and the Black & Proschan Model with a SPRSAL (.90) 
cost target also stocked most of the candidate items with a unit price greater 
than $10,000. However, when SPRSAL and Black & Proschan were constrained to 
the FLSIP dollar value, these two models generally stocked fewer of the high 
cost items than the other models. This is characteristic of the optimization 
techniques used in SPRSAL and Black & Proschan; i.e., the money saved by not 
selecting high cost items is applied to the selection of more of the lower cost 
items with the aim of obtaining the best overall system performance for the 
investment. 

The major differences between the number of items selected by the system 
protection models (SPRSAL and Black & Proschan) and the item protection models 
occurred in the .25 and under demand category. As shown in TABLE III, the 
SPRSAL and the Black & Proschan Models selected higher percentages of these 
items. TABLE III also shows that a very small percentage of the allowance 
candidate items having an expected annual demand of less than .25 were selected 
by FLSIP and none by the FBM Weapon System Model with a MEC of 95. This is 
attributable to the design feature of these models that precludes stockage 
of an item having an expected annual demand of less than .25 unless an override 
or planned maintenance requirement exists for that item. This study did not 
consider such override requirements in the FBM Weapon System Model or the Black 

& Proschan Model Overall, the SPRSAL and the Black & Proschan Models 
selected very similar percentages of the allowance candidate items when run 


with the same cost constraint. 


Similar distributions of both candidate file items and those items subse- 
quently selected for stockage for the Tartar Missile System by each of the 
models are presented in TABLE IV. With the exception of the FBM Weapon System 
Model with an F8M MEC of 95, most models stocked nearly all the candidate 
items with expected annual demands greater than .25 and unit prices less than 
$1,000. Like the Mark 86 System, the major differences between the number 
of items selected by the SPRSAL Model and the other models occurred in the .25 
and under demand category. The SPRSAL Model, particularly the .90 version, 
selected a very high percentage of these items, including most of those in the 
$1,000-$10,000 category; it was also the only model that selected any of the 
items over $10,000 in the s .25 category. When constrained by the cost of FLSIP, 
the percentage of low demand items selected by SPRSAL decreased steadily as 
price increased. However, the number of tow demand items selected in every 
price interval was at least as large as the number selected by any of the other 
models. 

To allow further comparison of the various models at the individual item 
level, Listings of the allowance candidate items for each of the two systems 


along with the allowance quantity determined by each of the models were provided 


to the AEGIS Project Office. In addition to the NIIN (National Item Identification 
Number) and the various allowance quantities, the listings provided such 
information as the item's nomenclature, unit price, BRF, expected annual demand 
based on BRF and total installed population, allowance override quantity, and an 
“experienced demand'' indicator. This indicator shows whether the item experienced 
any usage during the 10 quarter time period covered by the 3M data obtained 

for this study. The Listing for the Mark 86 Gunfire Control System is provided 


as APPENDIX D. The Listing for the Tartar Missile System is not included due 
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TABLE IV 


CANDIDATE FILE AND MODEL RANGE DISTRIBUTIONS CTARTAR) 


CANDIDATE | EXPECTED UNTT_PRICE Sprite 
FILE/ ANNUAL 1s10.01- 's100.01- $1,000.01- 
MODEL DEMAND < $10.00 {$100.00 csc 10,000.00 |» $10,000.00 
seesastiteaitinidents 5 ia SS, ed 2S SS — { 
< .2500 5,928 2,315 | 1,208 
CANDIDATE .2501-1.0006 1,031 319 | 209 


FILE 1.0001-4.0000 470 92 | 55 
> 4.0000 254 22. | 8 | 
< .2500 5,667 2,201 | 1,124 
. 2501-1. 0000 1,002 309 | = 209 Q | 
SORE SA Ps Moots, 0000 1 ASS 0 | 55 12 o> 4 
> 4.0000 247 22 | s 4 0 
—e a 
< .2500 5,462 1,609 | 294 35 
.2501-1. 0000 1,002 309 206 
ae ae 1.0001-4.0000} 456 9 | 55 
+ 4.0000 247 22 | 8 
< .2500 3,116 848 233 
FAM W.S. ~2501-1.0000 | 1,031 318 | 209 
(MEC 104)« 1.0001-4.0000 | 470 92 | 55 
> 4.0000 | 256 a2. | 8 
somes iain 
< .2500 | 2,363 547 | 179 
TRIDENT .2501-1..0000 1,031 319 | = 209 
(MEC 104) 1.0001-4. 0000 470 92 | 55 
~ 6.0000 254 
< .2500 


.2501-1.0000 | 
1.0001-4.0000 
> 4.0000 


C.S. FLSIP 


< .2500 
-2501-1.0000 

1.0001-4. 0000 
> 4.0000 


TRIDENT 
(MEC 95) 


< 2500 
«2501-1. 0000 
1.0001-4.0000 
> 4.0000 


s .2500 
«2501-1. 0000 

1.0001-4.0000 
> 4.0000 


FBM W.S. 
(MEC 95)* 


*Override requirements not considered. 


} 
f 
y 
f 


ai i il a 


to volume Cover 12,000 items). 


III. SPRSAL "K MIN’ AND OPERATING TIME SENSITIVITY 


A. APPROACH. The "'K MIN" and the Operating Time factors are considered in 
computing the SPRSAL system performance measure. "K MIN' is defined as the 
minimum number of item failures necessary to cause tne entire system to fail 
and, therefore, reflects the degree of built-in redundancy in an equipment. 
The Operating Time equals the percent of the mission period during which the 
item is operational and, thus, provides consideration of the fact that all 
systems are not continuously operational during a deployment. These data 
elements are not considered in any model other than SPRSAL. 

To determine the sensitivity of the ‘K MIN" and the Operating Time factors 
on both range and depth, several special runs of the SPRSAL Model were made 
by RCA for each of the two systems considered in this analysis. In making 
these runs, all data elements with the exception of either the “K MIN" factor 
or the Operating Time factor were held constant. The "K MIN' factor, which was 
assumed to be one for all candidate items in the SPRSAL Model comparison runs 
(Chapter II), was changed to two, and then three, for all items. In a similar 
manner, the Operating Time factor, which was assumed to be 1.00 (100%) for 
all candidate items in the SPRSAL Model comparison runs, was changed to 0.75 
(75%) for all candidate items in one run and then to 0.50 (50%). The 
effects of these changes on the range of items selected for stockage and the 
dollar value of the computed allowances for the selected items were measured 
to determine the sensitivity of each of the two data elements. Separate 
analyses were performed for both a system protection goal of 90% and a total 


cost equal to the FLSIP COSAL investment. 
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It is recognized that the use of the same "K MIN" factor or the same 
Operating Time factor for each candidate item is a condition not Likely to be 
found in the AEGIS System. However, actual "K MIN" and Operating Time factor 
data were not available for the weapon systems considered in this study. 

B. FINDINGS. The results of the SPRSAL "K MIN" factor sensitivity analysis 
are shown in TABLE V. The table shows the effect on range and dollar value 
of applying successive "K MIN" factors of one, two, and three to each item 
jn the allowance candidate files of each of the two systems used in this study. 
As shown in the table, the SPRSAL Model is extremely sensitive to the "K MIN" 
factor. At the 90% system protection level, the assignment of a "'K MIN" 
factor of two to each item resulted in a 53% reduction in range and an 88% 
reduction in dollar value for the Mark 86 System. For the Tartar System, range 
and dollar value reductions of 33% and 75%, respectively, were realized. 

TABLE V 


SPRSAL "'K MIN" SENSITIVITY 


{ 
| SYSTEM GOAL "K MIN" RANGE $ VALUE 
90 


MARK 86 f 1 2,244 1,364K 

1,051 168K 

3 317 89K 

FLSIP $ 1 | 4,858 367K 

2 | 4,051 168K 

3 317 89K 

TARTAR 90 1 11,735 2,187K 

2 7,895 538K 

3 2,794 178K 

| FLSIP $ 1 9,821 420K 

2 7,09 404K 
3 


2,794 178K 


———— 


The assignment of a "K MIN" factor of three to each item resulted in even further 
reductions in range and dollar value for both systems. In effect, the item 
redundancy or duilt-in spares concept reflected in "K MIN" factors greater than 
one enables the SPRSAL Model to achieve a 90% system protection level at costs 
lower than if no item redundancy ("'K MIN'=1) is considered. 

When run with the FLSIP cost goal, the assiqnment of "K MIN" factors of 
two and three produced the same results for the Mark 86 Gunfire Control System 
as the respective 90% system protection runs. fhis is due to the fact that 
in the cost goal mode of operation, the SPRSAL Model selects spares until 
the cost goal (in this case $367K) or a given level of system protection (in 
this case 90%) is reached. With a "K MIN" factor of two for each item, which 


reflects one built-in spare for each item, the model was able to achieve a 90% 
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system protection level at a cost less than the dollar goal. With a "K MIN" 
factor of three for each item, the model was able to achieve 90% system pro- 
tection at an even lower cost. The cost goal for the Tartar System was 

$420K. With this cost goal and a "K MIN" factor of two for each item, the 
model was unable to achieve a 90% system protection within the cost goal. With 
a "K MIN" factor of three, however, the 90% system protection was achieved 


at a cost lower than the goal. 
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The results of the SPRSAL Operating Time factor sensitivity analysis are 
shown in TABLE VI. The table shows the effect on range and dollar value of (4 
applying successive Operating Time factors of 100%, 75%, and 50% to each 
allowance candidate file item in the two systems used in this study. With 
respect to the range of items selected, the table indicates that the SPRSAL ' 


} Model is only slightly sensitive to the Operating Time factor. At the 90% 
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system protection level, both systems experienced slight reductions in range 


as the Operating Time factor was reduced to 75% and 50%. When run with the 


FLSIP cost goal, successive small increases in range were noted. In terms 


of the dollar value invested, the application of an Operating Time factor of 75% 


to each item resulted in an 8%-10% reduction for the 90% system protection 


model. The application of a 50% Operating Time factor resulted in a 19%-20% 


reduction. When run with the FLSIP cost goal, dollar value was not affected. 


It is noted that the Operating Time factor should be used only 


if failure rates, vice BRFs, are used to forecast demand. Operating Time 


considerations are inherent in the BRF since the BRF represents the annual 


usage for an item during whatever portion of the year it was operational. 
TABLE VI 


SPRSAL OPERATING TIME SENSITIVITY 


PE he Ga Tat ae Pee ae) eee ae ait 
SYSTEM T com ; OPERATING TIME $ VALUE 
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MARK 86 


TARTAR 


FLSIP $ 
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IV. THEORETICAL DIFFERENCES BETWEEN SPRSAL AND BLACK & PROSCHAN MODELS 


A. APPROACH. Initial FMSO efforts in comparing the SPRSAL and the Navy Black 
& Proschan Models revealed significant differences in dollar value and 
effectiveness obtained when each model was run with a system performance qoal 
of 90%. These performance differences pointed to the need for closer examina- 
tion of the theory of the two models. Through review of available documenta- 
tion on the models and discussions with persons knowledgeable in the theory 
behind the models, the basic theoretical differences were determined. Specific 
theoretical aspects which were examined in this analysis were the model 
performance objectives, assumptions with respect to repair and resupply, 
considerations of item redundancy and operating time, and the probability 
distributions used in the models. 

B. FINDINGS. The major theoretical difference between the SPRSAL Model and 
the Navy Black & Proschan Model is the model performance objective. The 
performance objective of the SPRSAL Model is to provide sufficient stock to 
ensure that lack of spares will not preclude satisfactory system operation for an 
average specified percent of the mission duration without underway replenish- 
ment. On the other hand, the performance objective of the Black & Proschan 
Model is that the ship's storeroom carry sufficient stock to achieve a desired 
level of operational availability considering underway replenishment. As 

used in the Black & Proschan Model, the operational availability is the 


ratio of the time the system is operational to the total mission time. 


Due to the item redundancy feature of the AEGIS System, a given item 
failure may not lead to system failure. Thus, the primary concern of the SPRSAL 


Model is to select for stockage those items whose failures would immediately 


cause system failure. Item redundancy is not considered in the Black & 


Proschan Model. Hence, this model considers any failure of a part vital to 
system operation as a total system failure. 

Assuming instantaneous repair if a spare part is available, the SPRSAL Model 
selects those items that will provide satisfactory system operation for an 
average specified percent of the mission duration. It is recognized that 
repair actions are not performed instantaneously, and therefore, the system 
will operate less than the specified average percent. However, the additional 
nonoperational time is not caused by a Lack of spare parts. The Black & 
Proschan Model explicitly recognizes the time required to perform repair 
actions in the selection of those items necessary to achieve the desired 
operational availability goal. 

Another area of difference between the SPRSAL and the Black & Proschan 
Models is the consideration of item operating time. The SPRSAL Model is 
designed to recognize that a given item may not be operational 100% of the 
time during the mission. Accordingly, SPRSAL provides the capability to specify 
that percent of the mission during which the item is operational. This percent, 
or Operating Time factor, is applied to the failure rate of the item, and this 
new rate is used in the requirements determination process. This capability 
is not provided by the Black & Proschan Model which considers each item 
operational for the entire mission. 

Finally, the two models differ with respect to the distributions used in 
computing item failure probabilities. During the marginal analysis process, 


the SPRSAL Model uses three different distributions depending on the item's 


installed population, expected demand, and the number of spares already stocked. 


These distributions include the state model, the Poisson, and a Normal 


approximation to the Poisson. The Black & Proschan Model uses the Poisson 
distribution exclusively. 
A more detailed discussion of the Black & Proschan Model, including the 


basic mathematical formulation, is provided in APPENDIX C. The SPRSAL Model 


V. ADP REQUIREMENTS OF SPRSAL AND BLACK & PROSCHAN MODELS 


t is described in detail in reterence 3 of APPENDIX A. 
A. APPROACH. The system optimization approaches used by the SPRSAL and the 
Black & Proschan Models result in ADP capabilities becoming a potential ' 
Limiting factor in the use of these models. Based on information provided by 
RCA for the SPRSAL Model and NAVSECMECHDIV for the Black & Proschan Model, the 
specific ADP requirements of each model were determined. Factors included in 
this analysis are the hardware facilities used in running the models, the basic 
size of the programs involved, the amount of core required for storing item input 
data, and the processing times needed to execute the models. This analysis is 
Limited to the SPRSAL and Black & Proschan Models. The other models considered 
in this study process each item in a system independently of the others and, 
thus, are not Limited by ADP capabilities. 

In recognition of the fact that an insufficient ADP capability could Limit 
the use of both the SPRSAL and Black & Proschan Models, two techniques for 
overcoming these Limitations without sacrificing system optimization capabili- 
ties are presented. 

B. FINDINGS. ALL SPRSAL runs used in this analysis were made by RCA at 


Moorestown, New Jersey, on an IBM 370/168 processor with four megabytes of 


available core storage. According to information provided by RCA, the basic 
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SPRSAL program requires approximately 50K bytes of core storage. In addition, 
approximately 90 bytes of core storage are required to store the input data 

for each allowance candidate item. Therefore, to process the number of candi- 

date items considered for stockage for the Mark 86 System, i.e., 2,400, 

266K bytes of core storage would be required, i-e., 2,400 x 90 to place all items 

in core storage plus 50K for the program itself. The time to process these 

2,400 items was about 86 CPU (Central Processing Unit) seconds. To process a 

system the size of the Tartar (12,000 items), 1,130K bytes of core storage 3 
would be required. The time to process a system of this size would be 1,237 

CPU seconds on the 370/168. 

The Black & Proschan Model was run on an IBM 360/65. The basic program 
requires approximately 35K bytes of core storage. To store the input data for 
each allowance candidate item, 32 bytes of core storage are required. Thus, 
approximately 112K bytes of core storage were required to process the 2,400 
Mark 86 items considered for stockage. The time to process these 2,400 items 
was 335 CPU seconds. As discussed earlier, the processing limitation (2,600 
items) of the current version of the model precluded processing the Tartar 
System. Were it not for this limitation, this system could have been run; 
however, 419K bytes of core storage would have been required. 

The need and benefit to compute allowances using optimizing techniques has 
been shown in this study. The computer required for executing the optimization 
model must have unusually large core storage to efficiently process the data. 
This test indicates the mid-range of computers are inadequate for most 


efficient operation. Small systems (2,000 items or less for SPRSAL and 5,000 


items or less for Black & Proschan) can be run on computers such as the IBM 
360/65, but to process Larger weapons systems, some form of segmentation must 
be used. 

Certain techniques exist to overcome the ADP Limitations on use of these 
models while still maintaining the basic system optimization features. One 
such technique uses an external sort (from high to low value) of the change 
in performance-to-cost ratio associated with the addition of the first unit 
of each candidate item. Having sorted the candidate items in this manner, the 
maximum possible number of items having the highest ratios are then brought 
into core. In addition, the ratio value of the first item not brought into 
core is retained. The basic marginal analysis sparing process is then performed 
on those items in core until the performance-to-cost ratio of the next selected 
item falls below that of the retained item. The items in core and the remaining 
items are then resorted, the maximum possible number brought back into core, 
and the sparing process is continued. This entire process is continued until 
a specified performance or cost goal is achieved. 

Another technique often used in inventory optimization problems is the 
method of LaGrange multipliers. Although there was no attempt in this study 
to determine the potential of this method for use with the AEGIS System, it 
should be noted that this method has been used successfully in several Navy 
applications. One such application is in the model used by the Navy ASO 
(Aviation Supply Office) to determine initial outfitting requirements. 

One drawback to the use of techniques such as those discussed above is their 
requirement for long computer execution times relative to the currently 


programmed techniques. 
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VI. SUMMARY 


This study has evaluated the RCA SPRSAL Model in terms of its performance 


relative to five alternative models, the sensitivity of two of its required 


| 
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data elements, the theoretical differences between it and a conceptually similar 
alternative model, and the model's ADP requirements. Summary statements with 
regard to each of these areas are provided below. 

A. SPRSAL PERFORMANCE. This study shows the potential of system protection 
models Like SPRSAL and the conceptually similar Black & Proschan Model for 
significant improvement (about 30-50 percentage points) in range and units 
effectiveness over item protection models like the TRIDENT and FLSIP Models. 


The improvement in performance was most pronounced when these models were 


run with high (90%) system protection levels. However, this performance 


differential was achieved only through range and investment levels about 34-5 


times that of FLSIP. Even for an investment equal to FLSIP, the two system 
protection models performed 20-26 percentage points better than FLSIP, 
although computed ranges were found to be over 34 times larger than the FLSIP 
range. At the investment level required to provide 90% SPRSAL system 
protection, the SPRSAL and the Black & Proschan Models performed almost 
identically. When constrained by the FLSIP investment, the Black & Proschan 
Model performed slightly better than SPRSAL. The FLSIP Model is considered 
jnadequate to meet the high AEGIS readiness requirements. 

The large ranges associated with the SPRSAL and Black & Proschan Models are 
due primarily to their propensity for selecting high percentages of low cost, 


low demand items. In general, all of the models considered in this study 


selected high percentages of those items having expected demands greater than .25 
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unit per year. The Large differences in range between the system protection 
models (SPRSAL and Black & Proschan) and the others occurred mainly in the .25 
unit and under demand category. At high system protection levels, the SPRSAL 
and Black & Proschan Models even selected high percentages of the more expensive 
low demand items. 

B. SPRSAL SENSITIVITY ANALYSIS. With respect to the sensitivity of the ‘K MIN" 
factor, the findings show the SPRSAL Model to be extremely sensitive to this 
data element. At the 90% system protection level, range decreases of over 33% 
and dollar value decreases of over 75% were observed through application of 

"K MIN' factors greater than one. When constrained by the FLSIP investment, 

the application of ‘'K MIN" factors greater than one enabled the SPRSAL Model 

to achieve a 90% system protection level at a cost considerably less than the 
goal. Therefore, if the SPRSAL Model is approved for AEGIS implementation, 

the assignment of "'K MIN" factors should be closely monitored. 

The SPRSAL Model is less sensitive to the Operating Time factor. The 
application of a 50% Operating Time factor resulted in changes to range of less 
than 3%. In terms of dollar value, reductions of approximately 10% were observed 
for a 75% Operating Time factor and reductions of approximately 20% were observed 
for a 50% factor when SPRSAL was run at the 90% system protection level. When 
constrained by the FLSIP investment, SPRSAL dollar value was not affected by 
changes to the Operating Time factor. 

No other model tested had the ability to consider item redundancy and 
Operating Time factors. 

C. THEORETICAL DIFFERENCES BETWEEN SPRSAL AND BLACK & PROSCHAN. The major 
theoretical difference between the SPRSAL and the Black & Proschan Model is the 


model performance objective. The objective of the SPRSAL Model is to provide 


sufficient stock to ensure that lack of spares will not preclude satisfactory 
system operation for an average specified percent of the mission duration 
without underway replenishment. Recognizing item redundancy by means of the 

"K MIN' factor and assuming instantaneous repair when a spare is available, 

the primary concern of SPRSAL becomes the selection of those items whose 
failures would immediately cause system failure. The objective of the Black & 
Proschan Model is to carry sufficient stock to replace failed items so that a 
desired level of operational availability is obtained. In determining the 
operational availability, both the mean time to repair of the system and the 
average delay time awaiting parts are considered. Unlike the SPRSAL Model, 
neither item redundancy nor operating time is considered. Finally, the SPRSAL 
Model uses three distributions - including the Poisson - to compute item failure 
probabilities, whereas the Black & Proschan Model uses only the Poisson. 

D. SPRSAL/BLACK & PROSCHAN ADP REQUIREMENTS. The ADP requirements of the SPRSAL 
and the Black & Proschan Models continue to be a major concern due to the 
processing capacity required to execute either model. The large amount of core 
storage necessary for either model makes it necessary that a computer with 

large core capacity be made available for efficient computation of most cost- 
effective allowances. However, there are two techniques, one making use of an 
external sort procedure and the other using the LaGrange multiplier method, that 
could conceivably be applied to adapt these models for use on Larger weapon 
systems. The LaGrange multiplier method has been used successfully in several 
Navy applications. Both techniques require long computer execution times, 


but no attempt was made to evaluate either during this study. 


VII. CONCLUSION 


The SPRSAL Model output is compatible with current Navy allowance programs 
and procedures. However, two required input data elements, "K MIN" and the 
Operating Time factor, are not currently available from UICP (Uniform Inventory 
Control Program) files. The FLSIP Model will not provide the level of support 
required to attain the readiness goals specified for the AEGIS Weapon System. 
The SPRSAL Model was designed by RCA to meet the AEGIS requirements and produces 
results very similar to the Black & Proschan Model used by NAVSECMECHDIV when 
the same cost constraint is applied. Both models provide significantly higher 
effectiveness than FLSIP but also stock a much larger range of items. At the 
90% system protection level, SPRSAL range and investment dollar value were 34-5 
times that of FLSIP. The SPRSAL Model is very sensitive to the "K MIN" factor, 
which reflects item redundancy. If the AEGIS System has a high degree of 
designed redundancy that can accurately be reflected through "K MIN' assign- 
ments, the SPRSAL range and cost could be reduced below those of the FLSIP 
Model without loss of the 90% system protection. The SPRSAL Model contains 
unique features that permit major supply support improvements, but efficient 
execution of the model requires core capacity contained only in large scale 


computers. The contractor executes on the IBM 370/168. 
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APPENDIX 8: MODEL DESCRIPTIONS 


The six models include the SPRSAL Model, the Black & Proschan Model, the 
FLSIP Model, the cost sensitive FLSIP Model, the TRIDENT Model, and the FRM 
Weapon System Model. A 90 day support period was used in all models, and only 
ship installable items were considered as allowance candidates. A 90 day 


demand forecast (11) was computed for each candidate item as follows: 


_ BRF x POP 
1S oe 


where BRF is the expected annual usage per unit of installed population (based 
on historical fleetwide usage data) and POP is the total installed population 
across all applications of the item. 

1. SPRSAL Model. The SPRSAL Model was devised by RCA to determine supply 
requirements to attain the stringent readiness levels stipulated for the AEGIS 


Weapon System. The model uses a marginal analysis approach to obtain the best 


overall system protection for a given investment or to obtain a given system 
protection level at the least cost. The spares determination process is an 

iterative procedure that results in the addition of the unit of stock that will i 
provide the largest increase in system protection per unit cost during each 

iteration. At each step of this process, system protection or total cost it 
measurements are updated and compared to the system protection or cost target. 

This process repeats itself until the system protection or cost goal is 

reached. The number of units of each item stocked during this process becomes 

the allowance for that item. In the probability calculations performed during 

this process, both item redundancy and item operating time are considered. 


Item redundancy is considered through the use of "K MIN", a factor that specifies 
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the minimum number of failures of an item necessary to cause system failure. |] 
Consideration is given to item operating time by means of an Operating Time | 
factor that specifies the percentage of the mission time during which the item 
1S operational. Any item not considered vital to the operation of the system 
is excluded from consideration by the model. PMRs (Planned Maintenance 
Requirements) and TORs (Technical Overrides) are considered as minimum quantity 
overrides. More detailed mathematical formulation is provided in reference 3 f 
of APPENDIX A. 

és Black & Proschan Model. The Black & Proschan Model is used by NAVSECMECHDIV 
to determine supply requirements for certain special projects. The Black & [ 
Proschan Model uses a marginal analysis approach to obtain the best operational 5 
availability for a given investment or to obtain a given operational availability 
for the least investment. As used in this model, the operational availability 


is a measure of the expected percent of the mission time during which the system 
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is operational. The spares selection process is very similar to that of the 
SPRSAL Model. That is, the process successively adds one unit of stock of that 
jtem that provides the greatest increase in operational availability per unit 
cost. Operational availability or total cost measures are updated at each 
step of this process. The process continues in this manner until an operational 

availability or cost goal is reached. The quantity of stock accumulated for 


each item at this point becomes the allowance for that item. Unlike the 


SPRSAL Model, no consideration is given to either item redundancy or item 
operating time during the probability calculations performed during this 
process. Items not considered vital to the operation of the system are excluded 


from consideration, and PMRs and TORs are not recognized in this model. More 
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mathematical formulation is provided in APPENDIX C. 

3. FLSIP Model. The FLSIP Model is currently used to determine allowance 
quantities for all non-FBM ships. Based on the 90 day demand forecast, each 
candidate item is categorized as either demand-based or insurance. If the 90 
day demand forecast is one or more units, the item is classified as demand-based. 
A demand-based item is stocked in sufficient depth to provide 90% protection 
against stockout under the assumption that demand is Poisson distributed. If 
the 90 day demand forecast is less than one unit, the item is classified as 
insurance. As an insurance item, the item is selected for stockage only if 
(1) its component to mission MEC is vital, (2) its part to component MEC is 
vital, and (3) its 90 day demand forecast is at least .0625 unit (.25 unit per 
year). The depth for an item meeting these criteria is the maximum of the item's 
MRU (Minimum Replacement Unit), PMR, or TOR. Any item failing to meet the above 
criteria for stockage will still be stocked if there is a PMR or TOR for that 
item. 

4. Cost Sensitive FLSIP Model. The cost sensitive FLSIP Model is a 
modification of the basic FLSIP Model. As in the FLSIP Model, each candidate 
item is categorized as demand-based or insurance based on its 90 day demand 
forecast. The range and depth criteria for demand-based items are the same as 
FLSIP, i.e., a 90 day demand forecast of one or more units to qualify for stockage 
and depth sufficient to provide 90% protection against stockout based on the 
Poisson distribution. If an item does not qualify as demand-based, it is 
classified as insurance. Like the FLSIP Model, an insurance item must have a 
component to mission and a part to component MEC of vital to even be considered 


for stockage. If the item meets these MEC criteria, the decision of whether the 


item is selected for stockage is made on the basis of its unit price (P) 


and 90 day demand forecast (1) using the criteria shown below: 


Ef P > $10, stock if w> <0125 


If $10 < P < $500, stock if » > .0375 


If P > $500, stock if > .1250 


If the item is selected, it will be stocked in a depth equal to the maximum 


of its MRU, PMR, or TOR. Once again, an item failing to meet the above 


criteria will still be stocked if there is a PMR or TOR for the item. 


5. TRIDENT Model. The TRIDENT Model 


is used to compute allowance 


quantities for TRIDENT submarines. The TRIDENT Model provides a variable 


protection level for each candidate item based on TRIDENT MEC and unit price. 
The TRIDENT MEC is an indicator of the relative essentiality of an item. 


Under this system an item is assigned one of seven values ranging from 95 to 116, 


where 116 represents the highest essentiality. The allowance quantity (AQ) 
is computed as follows: 


AQ = + [7 - % (116-MEC) ~ Log, , P| 7 


(for MECs from 95 to 110) 


AQ = (116-MEC) - Log, | P| w+ .5 


aj- 


(for MEC 116) 


u = 90 day demand forecast 
MEC = TRIDENT MEC 


P = unit price 
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This allowance quantity must provide at least 90% protection against stockout. 
Thus, the term [7 - , (116-MEC) ~- log, , P| is constrained to be at least 1.3. 
The computed allowance quantity is then rounded to the nearest whole number. 
If this value is one or more, the item is stocked in a depth equal to the 
maximum of the computed quantity, the item's PMR, or the item's TOR. If the 
computed quantity is zero, the item is not stocked unless there is a PMR or TOR 
for the item, 

6. EBM Weapon System Model. This model is used in determining allowance 
quantities for the Weapon System of FBM submarines. The model criteria are 
specified in SSPINST 4423.27B. With the exception of MEC 95 items, the FBM 
Model provides a variable protection level for each candidate item based on 
FBM MEC and unit price. Similar to the TRIDENT MEC, the FBM MEC is assigned 
one of seven values between 95 and 116. For MEC 95 items, a fixed protection 


level of 90% is provided. Thus, for MEC 95 items the allowance quantity is 


computed as follows: 


AQ = pp + 1.3 vi 
where 


i) = 90 day demand forecast 


For items having MECs greater than 95, the allowance quantity is computed as 


follows: 


AQ = 1 + [s.8 ~ M (116-MEC) - 1.5 log, , P] vi 
where 

it = 90 day demand forecast 

MEC = FBM MEC 


P = unit price 


Re et ee aa 


atereateners, ge SED 


‘ 


The computed allowance quantity is rounded to the nearest whole number. If 
this value is one or more, the item is stocked in a depth equal to this value. 
If the computed allowance is zero, the item is not stocked. PMRs and TORs 
were not considered in this model, 

In actual practice, a factor of .5 is added to the A@ formula prior to 
rounding to the nearest whole number. This has the effect of stocking at Least 
one unit of any item having a MEC greater than 95. The .5 factor was excluded 


for purposes of this study to preclude stockina every item when a MEC of 104 


was assumed for all items. 


APPENDIX C: BLACK & PROSCHAN MODEL MATHEMATICAL FORMULATION 


This appendix describes the basic mathematical formulation of the Navy 


Black & Proschan Model. The information presented was obtained from a NAVSECMECH- 
DIV (6830.03) memorandum and discussions with the author. The model applies 
the original Black and Proschan method described in reference 7 of APPENDIX A 


with certain modifications for Navy application. These modifications are in 


a 


the area of model performance measurement. As discussed below, performance 

is measured in terms of operational availability vice the probability of suffi- 
cient spares measure used in the original method. The information is provided 
for reader convenience and to illustrate the conceptual method of application 
as understood. 

The Black & Proschan Model is based on the assumption that individual item 
life is exponentially distributed with failure rate (A). Assuming that the 
failure of any item vital to system operation will result in temporary system 
failure, the probability (P.) that there have not been enough failures of item 
i to render the system inoperable, i.e., the probability that the number of 


failures is less than or equal to the number of spares for item i is given by the 


following: 


“y &hA,0" 
Pp, =% ae SS NX 
1 a=0 a. j 
where 
S; = number of spare units of item i 
N. = number of installed units of item i 
\ = 


F expected usage per installed unit of item i during mission 


It then follows that the probability (P there have not been enough failures 


of any item to render the system inoperable is determined by the following: 


where 


j = number of items considered as spares candidates on the weapon system 


The Black & Proschan Model objective is to carry sufficient storeroom stock 


to achieve a desired operational availability. As defined in the model, the 


operational availability is the ratio of the time the system is operational 


to the total elapsed time of the mission. Assuming the availability of all 


required spares and, therefore, no downtime awaiting parts, a mean time between 


supply requirements for the system is computed as follows: 
MTBSR_ = hapa: 
oO 


j 
~ N.X, 


- 4 
i=1 


j} = number of items considered as spares candidates on the weapon system 


= 
" 


j number of installed units of item i 


~ 
ii 


; expected usage per installed unit of item i during mission 


Again, if availability of all required spares is assumed, the highest 
possible operational availability (A, > becomes a function of system repair 


time and is computed as follows: 


MTBSR, 
ee MTBSR” + MTTR 


A 


where 


MTTR = mean time to repair 


An operational availability goal is then determined as a specified percent 
of the highest possible operational availability. 

A marginal analysis process is used to determine the spares inventory 
required to achieve the Black & Proschan operational availability goal. At 
each step of this process, the increase in Pa per unit cost of an additional unit 
of stock is determined for each item. The inventory of the item that produces 
the largest increase in Pa per unit cost is incremented by one unit of stock. 
This process is then repeated (using the new inventory and successive new 
inventories) until the achieved availability is greater than or equal to the 


goal. The achieved availability (Ay) is computed as follows: 


a L 
+A CMSDTY CX.7T) 
A T+ A CMSDTY CXS/T 


where 
MSOT = mean supply down time 
\g = the system failure or shortage rate 


T = time duration of the mission 


A derivation of the achieved availability formula above is not documented. 

The underlying assumption for the determination of the system failure or shortage 
rate ) is that the time between system failures is exponentially distributed 
with mean \g- Thus, the number of system failures has a Poisson distribution 


and the probability of no system failures is: 


C-3 


Taking the natural logarithm of both sides of the equation: 


APPENDIX D: ITEM LEVEL MODEL COMPARISON 


This appendix provides a listing of the allowance candidate items for the 
Mark 86 Gunfire Control System along with the allowance quantity determined by 
each of the models considered in this study. The listing shows the NIIN, 
nomenclature, price, expected annual demand (DEMAND), BRF, AOQ (Allowance 
Override Quantity), and the allowance quantities computed under the various models 
which are identified as follows: 


BL+P .90$ - Black & Proschan Model with cost target equal to cost of 90% 
system protection SPRSAL 

SPRS .90 - 90% system protection SPRSAL 

BL+P $$ - Black & Proschan Model with cost target equal to cost of FLSIP 

SPRS $$ - SPRSAL with cost target equal to cost of FLSIP 

TRID 104 - TRIDENT Model with constant TRIDENT MEC of 104 

-27B 104 - FBM Weapon System Model with constant FBM MEC of 104 

FLSP - FLSIP 

C.S. FLSP - cost sensitive FLSIP 

TRID 95 - TRIDENT Model with constant TRIDENT MEC of 95 

-27B 95 - FBM Weapon System Model with constant FBM MEC of 95 


An experienced demand indicator (DMD) is also included in the Last column. An * 
in this column indicates that the item showed some 3M usage during the 10 quarter 
period used for evaluating the above models. 

Items with a blank in the Black & Proschan quantity fields had a nonvital 
MEC and were not considered for stockage by either the SPRSAL or Black & 


Proschan Models. 
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